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482a Tuesday, February 18, 2014ensembles and relate them to the observed variation in activity. The generated
ensembles of Y21H and P26L mutants of vasopressin and Q23T and
Q23T,P26G mutants of oxytocin reveal significant population shifts compared
to the wild type peptides. Here we present the classification of these populations
based on the distribution of radius of gyration and deformation of the tocin ring,
and attempt to relate the structural changes to the experimentally determined
peptide activity and carrier protein binding affinity.
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Understanding the Evolution of Dynamics for an Intrinsically Disordered
Protein
Daniel R. LaPorte, F. Marty Ytreberg.
University of Idaho, Moscow, ID, USA.
It is not fully understood how the evolution of intrinsically disordered proteins
(IDPs) differs from that of ordered proteins. It is currently thought that IDPs are
capable of performing diverse roles in the body due in part to their dynamic
nature. The formation of transient secondary structures by IDPs allows them
to explore their environment and interact promiscuously with several ordered
proteins. To explore the role of dynamics in IDP evolution we used our broad
ensemble generation with reweighting method to generate ensembles of struc-
tures for the disordered protein p53 and naturally occurring mutants. We then
used anisotropic network modeling to quantify the dynamics of these proteins
and found a reduction in the root-mean-squared fluctuations for mutant struc-
tures compared to wildtype. Our results suggest that IDPs are under selective
pressure to maintain high levels of structural dynamics.
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The Mechanism of Amyloid-b42 Fibril Elongation
Thomas Gurry, Collin M. Stultz.
MIT, Cambridge, MA, USA.
Amyloid-b, an intrinsically disordered protein, forms amyloid fibrils in the
brains of patients with Alzheimer’s disease. A recent study suggests that fibrils
can catalyze the formation of neurotoxic soluble oligomeric species. We there-
fore explored the folding free energy landscape of Amyloid-b42 using exten-
sive molecular dynamics (>50 ms) coupled with umbrella sampling. We find
that fibril elongation occurs through a funnel-shaped, downhill free energy
pathway, and we identify a key on-pathway intermediate that involves the inter-
action of a beta hairpin with the fibril core. Furthermore, an analysis of the
minimum-energy pathway suggests two potential mechanisms by which fibrils
can act as catalysts for soluble oligomer formation: 1) pre-existing fibrils pro-
vide a nucleation site at which the local concentration of monomers is increased
and; 2) fibril elongation involves monomeric intermediates that can be incorpo-
rated into soluble oligomers. These data provide the first detailed mechanistic
description of the elongation of amyloid b fibrils and provide a link between the
disordered free monomeric protein on the one hand and the folded fibrillar state
on the other. In addition, they suggest a rational drug design strategy that aims
to stabilize the fibril-associated hairpin conformation in order to prevent elon-
gation of pre-existing fibrils.
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Differences in Dynamics and Stability of the Wild Type Beta-Amyloid
Ab1-40, and DE22-Ab1-39 (Japanese) Mutant Protofibril Structures, a
Molecular Dynamics Study
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Alzheimer’s disease has been identified as a neurodegenerative disorder asso-
ciated with protein misfolding due to the aggregation of monomeric beta-
amyloid proteins (Ab) to form fibrillar plaques. Experimental attempts to
chemically analyze the structure of Ab protofibrils and elucidate the mecha-
nism of fibril formation have yet to reveal much about the molecular etiology
of AD, due to the low solubility and non-crystalline nature of Ab. It has been
shown experimentally that the DE22-Ab1-39 (Japanese) mutation of b-amyloid
leads to production of typical Ab fibrils essentially instantaneously, much faster
than the fibril formation in wild-type (WT) Ab1-40. To better understand the
fibril-forming mechanism of the Japanese mutant peptide, we ran several
long all-atom explicit water molecular dynamics simulations of the mutant
and WT structures starting from NMR Alzheimer’s b-amyloid fibrils (PDB-
ID: 2LMN, 2LMO, 2LMP, 2LMQ). The NMR data suggest two different
configurations of the fibrils consisting of either two- or three-stacks. Our WT
simulations show that the two-stack model is energetically the most stable
configuration; both stacks twist around their central axis in a cooperative
manner to form a helical structure without any separation between strands.In contrast, monomers rapidly separate from the top and bottom of the three-
stack systems. Simulations with just one-stack from either the two- or three-
stack systems display the same twist motion, but monomers from the top and
bottom of the stack start to separate. These observations suggest that the
two-stack system is the most stable nucleation unit. Japanese mutants built
for the one-stack system starting from WT protofibril models remain more
stable (~150 kcal/mol) throughout our simulations compared to the WT one-
stack system. This might explain the almost instantaneous fibril formation
observed for the DE22-Ab1-39 mutation.
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Models of Length Dependent Behavior in Polyglutamine based on
Improved Simulation Methods
Natha R. Hayre.
Physics, University of California, Davis, Davis, CA, USA.
We present a study of the length-dependent statistical mechanical behavior of
monomeric polyglutamine tracts over a broad range of repeat lengths, using
implicit solvent as well as novel replica exchange based explicit solvent molec-
ular dynamics techniques that allow for drastic conformational change in pep-
tides of these sizes. First, these methodological changes were validated by
comparison with conventional simulations, then equilibrium thermodynamic
models were fit to simulation data, showing a crossover from alpha helical
structure to either beta sheet rich or disordered structures with increasing mono-
mer length, depending on the choice of solvent model.
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Influence of Desolvation Barriers in Coupled Folding and Binding Kinetics
of pKID-KIX
Talant Ruzmetov, John J. Portman.
Physics, Kent State University, Kent, OH, USA.
Flexible and dynamic encounter complexes associated with coupled folding
and binding can promote rapid molecular recognition of intrinsically disordered
proteins (IDPs). Weak non-specific interactions between an IDP and its binding
partner encourage enhanced binding rates through fly-casting, reduced orienta-
tional entropic costs, and long-lived encounter complexes associated with flex-
ible binding partners. Here, we use coarse-grained native-centric simulations to
investigate how desolvation barriers between the binding partners influence
coupled folding binding kinetics of an IDP (pKID) to its target (KIX). We
compare the free energy binding surface and kinetics for models with and
without desolvation barriers between pKID and KIX for a range of flexibilities.
We find that desolvation barriers leads to enhanced cooperativity of the coupled
folding and binding over models without desolvation. Furthermore, when des-
olvation barriers are present, the simulated binding rate is over an order of
magnitude faster when pKID is unfolded in the unbound. The sensitivity in
binding rate to the flexibility of pKID can be understood, in part, by the ability
of a flexible binding partner to overcome desolvation barriers locally while
rigid proteins must overcome them collectively.
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Flexibilities of an Intrinsically Disordered Protein in Fast Binding and
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Koji Umezawa1, Jun Ohnuki1, Junichi Higo2, Mitsunori Takano1.
1Grad. Scl. of Adv. Sci. & Eng., Waseda University, Shinjuku-ku, Tokyo,
Japan, 2Institute of Protein Research, Osaka University, Suita, Osaka, Japan.
The intrinsically disordered protein (IDP) in the unbound state is so flexible that
it does not adopt a unique structure. IDP may exploit this flexibility to function
as a signaling molecule, switching on and off the signal by binding to and
unbinding from the target molecule, considering that the binding/unbinding
kinetics is largely affected by the flexibility. For example, it has been suggested
that the flexibility enhances the binding rate by the fly-casting mechanism.
However, some counter evidences have been reported, so the role of the
flexibility on the fly-casting mechanism is still controversial. To address this
problem, we examined the effect of two different types of flexibilities that
were computationally imparted to IDP to which the one-bead (Ca) Go-like
model was applied; one is by softening the backbone rigidity and the other is
by weakening the native contact. We used pKID (kinase inducible domain of
CREB) as a model of IDP. pKID folds upon binding to the partner protein,
KIX. We calculated the potential of mean force as a function of distance
between pKID and KIX. We found that the backbone-originated flexibility
and the native-contact-originated one exhibit different results. The native-
contact-originated flexibility yielded larger capturing radius and faster binding,
consistent with the fly-casting, but the backbone-originated one did not. The
strength of the interaction between IDP and the target was also shown to
play a critical role. As for unbinding, the backbone-originated flexibility desta-
bilized the bound state more effectively, leading to faster unbinding. Therefore,
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2440-Pos Board B132
The Impact of Molecular Dynamics Methods on the Accuracy of Simula-
tions of the Disordered Protein Sic1
Erik W. Martin, Tanja Mittag.
Structural Biology, St Jude Children’s Research Hospital, Memphis, TN,
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Intrinsically disordered proteins (IDPs), proteins that lack a uniquely folded
structure, comprise a significant portion of eukaryotic proteomes and play
essential roles in signal transduction and cell cycle control. Mapping the
dynamics and conformational ensembles of these proteins is essential to
understanding their function. IDPs are generally thought to bind via coupled
folding and binding. Sic1, however, even in its bound state with Cdc4, remains
largely disordered and ‘ultrasensitive’. The lack of static structure and dynamic
nature of this process poses challenges for many traditional biophysical tech-
niques, highlighting the importance of computational methods for its character-
ization. Molecular dynamics (MD) simulations of IDPs are often complicated
by biases introduced by force fields originally optimized to simulate folded
proteins. Often simulations oversample secondary structure and lead to
collapsed protein conformations. This study aims to consider canonical MD
force fields and simulation methods and how accurately these techniques are
able to reproduce experimental results. We carried out simulations in both
implicit and explicit (with varying salt concentration) solvents with the force
fields Amber12, Charmm27, OPLS-AA and Gromos at multiple temperatures.
Simulations in implicit solvent were not able to recapitulate experimental struc-
tural data and always led to collapsed structures. Simulations in explicit
solvents (TIP3P, TIP4P and SPC water models were used where appropriate
for force field) achieved more native-like states, however some still led to
collapse. Salt concentration had a strong impact on the compactness of the pro-
tein providing clues into the source of non-native compactness in MD simula-
tions of IDPs.
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Role of Intrinsic Helicity Within N-Terminal Flanking Sequences on
Huntingtin Aggregation Mechanisms
Kiersten M. Ruff, Kanchan Garai, Rohit V. Pappu.
Washington University in St. Louis, St. Louis, MO, USA.
Huntington’s disease (HD) is associated with CAG repeats within exon 1 that
lead to polyglutamine (polyQ) expansions in the protein huntingtin (htt). Aber-
rant splicing of htt transcripts generates N-terminal fragments in a polyQ length
dependent manner that span exon 1 of htt. These N-terminal fragments can be
trafficked into the nucleus and form neuronal nuclear inclusions. Within exon 1
of htt the polyQ region is flanked by a N-terminal 17-residue amphipathic
stretch (N17) and a C-terminal proline-rich stretch. Modulation of these flank-
ing sequences has profound effects on HD progression. Specifically, post-
translational modifications and single / double point mutations within N17
can modulate the intrinsic helicity of N17, as well as aggregation in vitro
and HD phenotypes in animal models. However, the role of helicity within
N17 on the modulation of polyQ aggregation remains unresolved. Here, we
focus on understanding the synergy between the intrinsic helicity within N17
and polyQ length on htt aggregation mechanisms. Through the use of atomistic
Monte Carlo simulations utilizing the ABSINTH implicit solvation model, we
examine the monomeric properties of N17 permutants with varying degrees of
intrinsic helicity as a function of polyQ length. Results suggest that the degree
of coupling between N17 constructs and polyQ is dependent on the intrinsic
helicity within N17 constructs. A comparative analysis of N17 constructs in
cis with a range of polyQ lengths will be combined with biophysical experi-
ments to understand how monomeric properties of N17 modulate the solubility
and mechanism of polyQ aggregation.
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Aggregation Propensity
Gu¨l H. Zerze, Cayla Miller, Jeetain Mittal.
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Islet amyloid polypeptide (IAPP) is a 37 amino acid peptide and a variety of
mutants with different aggregation propensities have been characterized exper-
imentally. Amyloid fiber formation of human IAPP (hIAPP) is toxic to beta-
cells of pancreas and associated with type II diabetes. However, rat IAPP
(rIAPP), which differs from hIAPP by six residues, is known not to form
amyloid fibrils. Moreover, a naturally-occurring point mutation of hIAPP
(S20G) is known to form amyloid more quickly and be linked with early onset
of type II diabetes. On the other hand, another point mutation of hIAPP (I26P)
was reported to resist and potentially inhibit aggregation of the wild-typehIAPP. A critical question regarding disparate aggregation propensity of
various amylin sequences is if such differences originate from secondary struc-
ture populated in the monomeric state. It has been suggested based on experi-
mental data that transiently sampled helical structures may play an important
role in early stages of aggregation. But such expectations have not been directly
verified as obtaining residue-specific experimental data on largely disordered
proteins is quite challenging. Here, we have studied various IAPP monomers
in solution by replica exchange molecular dynamics simulation and an opti-
mized fully atomistic protein force field, Amber03w. We find that alpha-
helix propensity in region spanning residues 7 to 16 correlates very well with
the known aggregation propensity of these amylin sequences. The peptides
with higher alpha-helix stability in this region aggregate more rapidly. Interest-
ingly, all the sequences show very little beta-sheet propensity, which is the
dominant secondary structure populated in fibril-like aggregates. Further, we
find that the secondary structure adopted in solution by hIAPP is strikingly
similar to the NMR structures in presence of micelles. We will discuss the
implications of the above observations for the aggregation mechanism.
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Tau(273-284): A Molecular Dynamics Study of Intrinsically Disordered
Protein Conformations in the Presence of Osmolytes
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In contrast to traditional protein structural paradigms, intrinsically disordered
proteins (IDPs) represent a unique class of proteins which have very few stable
secondary structures. This inherent disorder in native structure allows IDPs to
adopt a wide variety of extended and compact conformations upon binding to
nearby macromolecules which enable them to perform a large number of vital
physiological functions. Here we focus on the microtubule associated tau
protein, a classic example of a highly-soluble IDP which helps regulate micro-
tubule growth in the brain. Dysfunctions in tau (i.e. taupathies) are often impli-
cated in Alzheimer’s disease and other forms of dementia, as large quantities of
tau cross-beta sheets can accumulate and potentially inhibit proper brain func-
tion, in additional to deregulating further microtubule growth. Our work builds
on our previous studies [1] where we investigated the conformational properties
of a fragment of tau which is highly associated with aggregation, specifically
the R2/wt tau residues 273-284 (sequence GKVQIINKKLDL). Here we use
replica exchange molecular dynamics to study the effect of two important
osmolytes, trimethylamine n-oxide (TMAO) and urea, on the folding and
aggregation of R2/wt. The overarching goal of our study is aimed at under-
standing what factors facilitate or inhibit tau aggregation, and identifying (to
the extent possible) what physiological factors affect the folding of IDPs since
there is still a considerable amount of information to be learned about how
these proteins operate in the human body.
[1] L. Larini, M. M. Gessel, N. E. LaPointe, T. D. Do, M. T. Bowers, S. C. Fein-
stein, and J. E. Shea, ‘‘Initiation of assembly of tau(273-284) and its Delta
K280 mutant: an experimental and computational study,’’ Physical Chemistry
Chemical Physics 15 (23), 8916-8928 (2013).
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Intrinsically disordered proteins (IDPs) are proteins that do not fold into a
stable, three-dimensional, structure, and may only undergo ordering when
interacting with other molecules. IDPs tend to be rich in amino acids like
glycine, which favor the proteins’ disorderliness. Hence, oligoglycines are a
good model to study the behavior of IDPs in aqueous solvent. Experimentally,
the solubility of oligoglycine in water decreases as its length increases until,
when the peptide contains 5 glycines, it aggregates and falls out of solution
at mM concentration.
We present results of large scale simulations of over 3 million atoms of several
hundred short (five residue) oligoglycines at varying concentrations in explicit
solvent. We find that intermolecular interactions between oligoglycines are
favored over interactions between oligoglycine and water, leading to their
aggregation, viz. concentration effects play a significant role in driving oligo-
glycines to aggregate and/or collapse. However, the interaction driving peptide
associations, liquid-liquid phase separation, are not predominantly hydrogen
bonding. We hypothesize that the thermodynamics of aggregation of short oli-
goglycines is equivalent to the thermodynamics of collapse of longer oligogly-
cines and similar disordered domains in water. We compare the aggregation of
short oligoglycines with the collapse of longer, single oligoglycines in water.
